ABSTRACT Alum [Al 2 (SO 4 ) 3 ؒ14H 2 O] is a common poultry litter amendment used to decrease water-soluble phosphorus or reduce ammonia volatilization, or both. Although the physiochemical effects of alum addition have been well researched, little attention has been given to the poultry litter microbial communities. The goal of this study was to use molecular biological methods [denaturing gradient gel electrophoresis (DGGE), community cloning, and quantitative real-time PCR] to characterize general, group-specific and pathogenic microbial communities in alum (10% wt/wt) and non-alum-treated litter. According to quantitative real-time PCR analyses, alum addition to the poultry litter resulted in significant reductions in both Campylobacter jejuni and Escherichia coli concentrations by the end of the first month of the experiment (3 log and 2 log, respectively). The concentrations of Salmonella spp. were below detection (<5 × 10 3 cellؒg −1 of litter) for the entire experiment. The DGGE analyses re-
INTRODUCTION
Rapid growth of the poultry industry has resulted in production of increasingly greater volumes of litter material. This litter represents a valuable energy and nutrient source, with uses as livestock feed, crop fertilizer, and a potential biofuel source (Williams et al., 1999) . A major issue with poultry litter is the production of ammonia from microbial mineralization of organic nitrogen compounds in the litter. Urea and uric acid make up 70% of the nitrogen content of poultry litter and are readily degraded to ammonia (Nahm, 2003) . In the poultry house, ammonia emissions (≥20 to 25 ppm) adversely affect the health and welfare of the flock (Wathes et al., 2002; Dawkins et al., 2004; Ritz et al., 2004) , resulting in lower feed efficiencies and increased costs due to the need to remove ammonia, usually through ventilation of the house (Moore et al., 1995) . Extended exposure (8 to 10 h) to these 1493 vealed significant reductions in the Clostridium/Eubacterium and low %GC gram-positive groups in the alumtreated litters by the end of the first month, with no bands detectable for either group after 8 wk of incubation. Conversely, minimal effects of alum addition were observed in the Actinomycetes community. The most significant shift in the microbial community (based on DGGE analyses) occurred in the fungal population, with a large increase in diversity and abundance within 1 mo of alum addition (1 dominant band on d 0 to 9 dominant bands at 4 wk). Specifically, the incidence of Aspergillus spp. increased from 0 to 50% of the sequences in fungal clone libraries (n = 80) over the course of the experiment. This suggests that the addition of alum to poultry litter potentially shifts the microbial populations from bacterially dominated to dominated by fungi. The ramifications of this shift in dominance are still unknown, and future work will be aimed at characterizing these fungi and elucidating their role in the acidified litter environment.
same ammonia levels has also been shown to negatively affect the welfare of human operators (Ritz et al., 2004; Kirychuk et al., 2006; Rylander and Carvalheiro, 2006) . In addition to health issues, ammonia can also be a major source of pollution (Koerkamp, 1994; Williams, 1995) , causing eutrophication of surface waters (Edwards and Daniel, 1992; Paerl and Fogel, 1994) , acidification of soils (Williams et al., 1999) , and odor formation (Williams, 1995; Wheeler et al., 2006) . Alum [Al 2 (SO 4 ) 3 ؒ14H 2 O] has been used as a cost-effective means to reduce ammonia volatilization from poultry litter in houses (Moore et al., 1995; Gilmour et al., 2004) . The beneficial effects of alum addition also extend to field application of alum-treated litter. Alum lowers watersoluble phosphorous (Moore and Miller, 1994) , and soils applied with alum-treated litter have fewer estrogenic compounds (Nichols et al., 1997) , pathogens (Gandhapudi et al., 2006) , heavy metals (Moore et al., 1998) and greater nitrogen content (Moore et al., 1995) . Line and coworkers (Line, 2002; Line and Bailey, 2006) conducted studies to evaluate the effect of alum addition on the colonization of broilers with Campylobacter sp. and Salmonella sp. Their results suggest acidifying litter delays the onset of Campylobacter colonization in broiler chicks; however, Salmonella colonization is unaffected.
Poultry litter inside a house represents an ideal environment for microbial growth (temperature, moisture, and nutrient content well within the range for microbial proliferation). In fact, the microbial population of poultry litter can be as high as 10 9 to 10 10 cells per gram of litter Rothrock et al., 2007) . The microbial population is responsible for both beneficial (carbon mineralization, competitive exclusion, etc.) and detrimental (ammonia production, pathogen persistence) effects of litter. Several recent studies have characterized the microbial population in broiler litter using modern molecular methodologies (Lu et al., 2003b; Enticknap et al., 2006; Lovanh et al., 2007) ; however, most of the work has been based on measures of culturable cells, which often represent only a fraction of the population (Nodar et al., 1990; Martin et al., 1998; Terzich et al., 2000; Fries et al., 2005) . No research has been done to evaluate how the microbial communities are affected by the addition of alum to poultry litter. Therefore, the goal of this study was to use denaturing gradient gel electrophoresis (DGGE), 16S/ 18S rDNA sequence analysis, and quantitative real-time PCR (QRT-PCR) to evaluate the effect of adding 10% alum on the microbial community in broiler litter as compared with litter with no alum amendment.
MATERIALS AND METHODS

Experimental Design
The experimental setup has been described previously . In short, de-caked poultry litter (sawdust bedding) was removed from a commercial broiler (Gallus gallus domesticus) house before the fifth flock. After thorough mixing, poultry litter was added into 6 incubation chambers [360 and 400 g of litter for alum-treated poultry litter (ATPL) and nontreated poultry litter (NTPL), respectively]. Forty grams of reagentgrade alum was added to the alum treatment incubation chambers, and all chambers were vigorously shaken to ensure a homogenous mixture of poultry litter and alum. A subsample (50 g) was removed from each chamber, representing the initial (t = 0) samples. The remaining mass in the chambers was brought up to 30% moisture content using distilled H 2 O (initial litter = 18%), and the chambers were placed in an incubator at 25°C. Subsamples (50 g) were removed every 4 wk for 4 mo. Twentyfive grams of each of these samples was dried at 65°C for moisture determination then ground before chemical analysis. The remaining 25 g was frozen at −20°C.
DNA Extraction and PCR Amplification
Total genomic DNA was extracted from poultry litter samples (0.3 g) using the Q-Biogene FastDNA Spin Kit for soil (Q-Biogene, Irvine, CA) according to specifications of the manufacturer. Ribosomal DNA from the total community extract was amplified with either general or group-specific primer sets using described previously PCR protocols using a PTC-200 DNA thermal cycler (MJ Research, Las Vegas, NV). Primer sequences (and probe, if applicable) are shown in Table 1 . Sequences were amplified using Qiagen HotStarTaq Master Mix (Qiagen Inc., Valencia, CA), with 800 nM each primer and 1 to 10 ng of template DNA from the genomic extracts of poultry litter. A 15-min incubation step at 95°C was added to the beginning of each of the PCR protocols for activation of the hot start Taq polymerase. The GC designation of one of the primers in each set represents a ∼40-bp GC-rich region on the 5′ end of the primers necessary to prevent complete denaturation of the DNA strands during electrophoresis (Muyzer et al., 1993) .
DGGE Analysis of Poultry Litter Microbial Communities
Denaturing gradient gel electrophoresis was used to separate and characterize DNA sequences by using a gradient of denaturants [100% denaturant solution consisting of a combination of 40% (vol/vol) formamide and 7 M urea] in a polyacrylamide gel (37.5:1) to separate DNA fragments according to melting behavior (i.e., sequence, melting domains). GelBond PAG Film (Cambrex BioSciences, Rockland, MA) was used during pouring of the DGGE gels to allow for easier manipulation of the polyacrylamide gel after electrophoresis. Polymerase chain reaction product (25 L) was electrophoresed through a denaturing gradient for 4 h at 200 V (Nbel et al., 1997) in a Bio-Rad DCode universal mutation detection (BioRad Laboratories, Hercules, CA). The following denaturant gradients were used to provide the optimum separation of banding patterns: 30 to 50% (general 16S), 30 to 60% (Clostridium/Eubacterium, low %GC gram-positive group, fungal 18S), and 40 to 70% (Actinomycetes). The DGGE gels were stained with the Bio-Rad Silver Stain kit, and the images were captured using an Epson Perfection 4990 Photo Scanner (Epson, Long Beach, CA) as described previously .
DNA Sequencing and Phylogenetic Analyses
Relevant DGGE bands were excised from the gels using a sterile scalpel and forceps and placed into 150 L of 10 mM Tris buffer. Zirconia/Silica beads (0.1 mm; BioSpec Products Inc., Bartlesville, OK) were added to each tube, and the samples were placed in a Fast Prep FP120 (QBiogene, Irvine, CA) for 45 s at a speed of 5.5 m/s followed by overnight incubation at 4°C. Two microliters of the solution was PCR-amplified using the primer sets (substituting an identical primer without the 40-bp GC clamp; Table 1 ), reaction mixture and thermocycling conditions indicated above. The resultant PCR product was cloned into the pCR2.1-TOPO plasmid using a TA TOPO Cloning Kit (Invitrogen, Carlsbad, CA) according to specifications of the manufacturer and was sent to the USDA-ARS MSA Genomics Laboratory (Stoneville, MS) for sequencing. The DGGE band sequences were submitted to the BLASTn 2.2 search engine (Altschul et al., 1997 ) to obtain putative phylogenetic assignments for each band. The DGGE band sequences, combined with appropriate known 16S/18S sequences (depending on DGGE bands analyzed) from the GenBank database, were aligned using MEGA version 3.1 (Kumar et al., 2004) . The alignment files were used to create bootstrapped (n = 1,000) neighbor-joining trees, using the Kimura 2-parameter model in the MEGA version 3.1 software package. A total of 39 sequences were submitted to the GenBank database and were assigned the accession numbers of EU281954 to EU281992.
To assess the fungal diversity in the alum-treated samples from 3 points during the experiment (t = 0, 4, 16 wk), 2 L of fresh fungal PCR product (using the total fungi PCR primer set, without the GC clamp of the forward primer) was cloned into the pCR2.1-TOPO plasmid using a TA TOPO Cloning Kit. Clones were selected (n = 80) for each sample, and sequencing and analysis were performed as stated above.
QRT-PCR Analyses of Poultry Litter Pathogens
Quantitative real-time PCR was used to determine the concentrations of Campylobacter jejuni (Nogva et al., 2000) , Escherichia coli (Frahm and Obst, 2003) , and Salmonella spp. (Malorny et al., 2004) using primers and probes shown in Table 1 . The QRT-PCR analysis was carried out using the previously described protocols for each pathogen. The QRT-PCR assays were run on the DNA Engine Opticon 2 (MJ Research Inc., Waltham, MA) and were carried out using the Qiagen HotStarTaq Master Mix in a total volume of 25 L. The amplification mixture contained 3.0 mM MgCl 2 , 600 nM each primer, 200 nM probe, and sample DNA or standard (from 10 2 to 10 8 copies). Baseline values were set as the lowest fluorescence signal measured in the well over all cycles. The baseline was subtracted from all values, and the threshold was set to one standard deviation of the mean. All PCR runs included duplicates of standards and control reactions without template. Standard DNA consisted of plasmid PCR 2.1 vector (Invitrogen) carrying the appropriate insert for the given assay. The DNA concentrations in each extraction were determined using the Hoechst 33258 nucleic acid stain (Invitrogen) and measured with a Hoefer DyNA Quant 200 fluorometer (Amersham Biosciences, San Francisco, CA) according to the instructions of the manufacturer.
RESULTS AND DISCUSSION
General Bacterial DGGE Analyses
Bacterial 16S rDNA was amplified from both NTPL and ATPL samples, and the community fingerprints were analyzed using DGGE ( Figure 1A ). Although numerous bands were present in each sample (n ≥ 15), the DGGE banding patterns in both NTPL and ATPL samples were dominated by 4 bands that closely matched gram-positive bacteria in the GenBank database (≥98%; Benson et al., 2005) , with 3 matching Actinomycetes (bands 2, 12, 13) and the other matching a low %GC gram-positive bacterium (band 1). Sequences from these DGGE bands were also similar (≥99%) to those identified in a previous analysis of poultry litter microbial communities . A second band group that was evident throughout the incubation and unaffected by the length of incubation or the addition of alum (Figure 1 : bands 10, 11) was 99% similar to another Actinomycetes, Brevibacterium avium ( Figure 1B) . Three bands matching sequences from low %GC gram-positive bacteria ( Figure 1B : bands 3, 4, 5) decreased in prevalence throughout the experiment in NTPL samples and were absent from the ATPL samples by wk 4. Another sequence (band 9) that closely matched a clostridium found in fresh poultry litter (Enticknap et al., 2006) and known to dominate the cecum of broiler chickens (Bjerrum et al., 2006) was significantly reduced by 1 mo after alum addition as compared with the nontreated litter.
Three sequences found only in the wk 12 and 16 ATPL samples matched gram-negative bacteria known as the Cytophaga-Flavobacterium-Bacteroides (C/F/B) group (Figure 1B; bands 6, 7, 8) . The closest matches for this group of sequences were relatively low (86 to 88% similar) as compared with the DGGE band sequences matching the gram-positive bacteria (>95%); therefore, these bands appear to be distantly related to the C/F/B group. This result was surprising given the relatively low presence of this group of bacteria in other poultry litter studies (Lu et al., 2003b; Fries et al., 2005) , although this group, specifically Bacteroides, represents a greater percentage of the total intestinal microflora of chickens (Lu et al., 2003a; Bjerrum et al., 2006; Wise and Siragusa, 2006) . The reason for the increase in the later alum-treated samples remains unknown, although the increased die-off in certain populations due to alum addition (i.e., low %GC gram-positives) may have opened a niche for these C/F/B bacteria. This illustrates the unknown nature of the microbial communities in ATPL, as well as the lack in understanding of the effect of alum treatment on poultry litter communities.
Overall, the 3 major phylogenetic groups (low %GC gram-positive bacteria, Actinomycetes, and C/F/B) found in this study corroborated well with other broiler chicken intestinal (Lu et al., 2003a; Bjerrum et al., 2006; Wise and Siragusa, 2006) and litter (Martin et al., 1998; Lu et al., 2003b; Fries et al., 2005; Enticknap et al., 2006; studies. Although minor changes were observed in the total bacterial 16S community analysis ( Figure 1A ), the addition of alum to the poultry litter appeared to have minimal effects on the overall community structure. Unfortunately, apparent diversity of a community using fingerprinting analyses can be severely reduced with the presence of a very dominant population (Loisel et al., 2006; Peu et al., 2006) , which is potentially the case in poultry litter, where microbial concentrations are high and the microbial communities are known to be domi- nated by gram-positive bacteria. To alleviate this bias in these poultry litter samples, PCR primers were used to target specific microbial groups of interest (Actinomycetes, low %GC gram-positives, and specifically Clostridium/Eubacterium). The use of group-specific primers has been shown to provide a more complete and accurate assessment of the microbial communities than general primers in both poultry (Wise and Siragusa, 2006) and swine (Peu et al., 2006) systems.
Group-Specific DGGE Analyses
Actinomycetes. High %GC gram-positive bacteria, or Actinomycetes,have been shown to constitute 25 to 35% of the bacterial community in poultry litter (Lu et al., 2003b; Enticknap et al., 2006; Lovanh et al., 2007) , which is comparable to what was observed in this study (38.5% of DGGE sequences). According to the total bacterial community analysis ( Figure 1A) , Actinomycetes was the one major phylogenetic group that was unaffected by the addition of alum to the poultry litter. Group-specific DGGE analysis revealed a greater diversity for Actinomycetes community (Figure 2A ) including a shift in the community fingerprint at wk 8 for litters with and without alum addition. Phylogenetic analysis of the DGGE band sequences ( Figure 2B ) revealed that in both NTPL and ATPL samples, members of the Corynebacterineae suborder (bands 1, 2, 3) dominated the community during the first month, whereas members of the Micrococcineae suborder (bands 5, 7) were dominant for the remainder of the experiment. When comparing the Actinomycetes DGGE fingerprints between the alum and non-alum-treated samples, minimal differences in banding patterns were observed. Therefore, group-specific DGGE did confirm that the Actinomycetes community was relatively unaffected by the addition of alum to the poultry litter.
Actinomycetes are common soil microbes that have been shown to survive harsh environmental pressures (desiccation, starvation). Members of the Micrococcineae (Brachybacterium sp., Brevibacterium sp., Yania sp., Arthrobacter sp.) and Corynebacterineae (Corynebacterium sp., Dietzia sp., Rhodococcus sp.) suborders have been previously found to be dominant members of the Actinomycetes community in human and poultry intestinal microflora (Rainey et al., 1995) , as well as the poultry litter (Lu et al., 2003b; Lovanh et al., 2007 the prevalence of these microbes in both acidified, as well as nontreated, litters was expected.
Low %GC Gram-Positive Bacteria. Previous molecular (Lu et al., 2003b; Enticknap et al., 2006) and culturebased (Martin et al., 1998; Fries et al., 2005) analyses have shown that low %GC gram-positive bacteria are the most dominant phylogenetic group in poultry litter, accounting for 63 to 88% of the observed diversity in those studies. In this study, low %GC gram-positive bacteria accounted for only 39% of the sequences from the total bacterial DGGE bands ( Figure 1B) . To more specifically target this important group of bacteria, 2 additional PCR primer sets were used, one specifically targeting Clostridium/Eubacterium (C/E; Van Dyke and McCarthy, 2002) and the other targeting most of the remaining genera in this group (LGC; Bacillus, Lactobacillus, Lactococcus, Pediococcus, Leuconostoc, Weissella, Streptococcus, Enterococcus, and Staphylococcus; Walter et al., 2001) .
Group-specific DGGE analysis showed that alum treatment reduced the concentration of LGC ( Figure 3A ) and C/E ( Figure 3B ) subgroups within 4 wk. However, there were minimal differences in either the LGC or C/E subgroups in NTPL samples taken on wk 4. In ATPL, the only bands remaining were in the LGC group ( Figure 3A ; bands 3, 5), and no bands were detectable for the C/E group ( Figure 3B ). Phylogenetic analysis of the sequences from both subgroups ( Figure 3C ) revealed similar genera to those found with the general bacterial PCR primer set ( Figure 1B) , with the dominant bands for the LGC subgroup closely matching (>95%) genera commonly found in poultry litter (i.e., Staphylococcus, Salinococcus, and Lactobacillus). Dominant bands from the C/E subgroup matched the only Clostridiaceae from the total bacterial community analysis (Faecalibacterium prausnitzii) , as well as other species consistently found in broiler litter and intestines (Lu et al., 2003a,b; Fries et al., 2005; Bjerrum et al., 2006; Enticknap et al., 2006) . Acidified litter has been shown to reduce the concentrations of low %GC gram-positive bacteria in other studies. At a pH of 6, the number of culturable gram-positive bacteria in poultry litter was reduced 2 to 3 logs (Terzich et al., 2000) . Acidified litter also significantly reduced levels of 3 low %GC gram-positive groups (Clostridium perfringens, Enterococcus spp., and Lactobacillus spp.) in the ileum of broiler chickens (Garrido et al., 2004) . However, Lactobacillus spp. increased in concentration in the cecum of broiler chickens exposed to acidified litter. Interestingly, 1 of the 2 ATPL bands that was still present at wk 4 in this study matched a Lactobacillus spp. (Figure 3A ; band 5), illustrating the ability of this genera to survive in the low pH environment of the ATPL. Considering an average grow-out of 6 wk, these results suggest that the low %GC gram-positives would be significantly reduced in acidified poultry litter. 
Fungal DGGE Analyses
Fungi are ubiquitous in animal-housing facilities and include both pathogenic (Aspergillus spp. and Candida albicans) and beneficial (i.e., biomass and bedding material degraders) populations. At present, most of the fungal research in poultry houses has focused on common pathogens such as Aspergillus fumigatus, Aspergillus flavus, and Candida albicans and the means with which to reduce their concentrations (Suls, 1995; Rochette et al., 2003; Fulleringer et al., 2006) , and no work has been performed to evaluate how litter amendments affect the fungal communities. The DGGE analysis of the fungal communities (Figure 4A) showed the initial dominance of one group (band 8; 99% similar to Arachnomyces nodosetosus) and a second less prevalent group (band 7; 99% similar to Microascus cirrosus). Clonal library analysis of the fungal communities in litters before treatment also suggested that these 2 fungal species were dominant, with Ar. nodosetosus clones representing 85% of the library (Table 2) . A survey of poultry litter samples from 5 different houses (with differing physiochemical parameters and bedding materials) also showed the dominance of these 2 fungal species in poultry litter (80% of clones from all houses; data not shown).
Alum addition resulted in an enormous bloom in the fungal diversity of poultry litter, and fungi represented the only microbial community in the present study to significantly increase as the result of alum addition (Figure 4A) . By wk 4 in the ATPL samples, the fungal populations were dominated by Aspergillus spp. (bands 5, 6, 9) , Ar. nodosetosus (band 8), and M. cirrosus (band 7), with their relative abundance significantly increasing from the beginning of the experiment. This bloom in fungal diversity was corroborated by the fungal community cloning data (Table 2) , with significant increases found in the Aspergillus (0% at t = 0 to 22.5% at t = 4) and M. cirrosus (15% at t = 0 to 50% at t = 4) groups. In another recent study, poultry house acidified litter samples contained 1.5-to 3-fold greater fungal populations (1 − 2 × 10 7 cells per gram) than samples from untreated litter (6.6 × 10 6 cells per gram; Cook et al., 2008) .
Acidified poultry litter is an excellent environment for the proliferation of fungi. They are well known biomass degraders (chitin/cellulose/lignin) and saprophytes, and the decreased pH in ATPL may provide a competitive advantage for fungal over bacterial community members. The pH of ATPL at wk 4 was 6.25 as compared with 8.5 in the NTPL samples. Lower pH (in the range of 5 to 6) is known to inhibit bacterial populations and select for fungal communities (Ruess and Lussenhop, 2006) . Similarly, the results from this study suggest that lowering the pH of poultry litter selected for fungal populations. By wk 8, no fungi were detected in the NTPL litter, but the same diverse fungal community was present in the ATPL samples, and the community structure varied minimally for the remainder of the experiment ( Figure 4A ). Although sequences retrieved from the ATPL samples matched the Aspergillus and Candida genera ( Figure 4B) , none of the ATPL sequences closely matched (<97%) the pathogenic members of those genera, so acidifying the litter does not appear to select for pathogenic fungi. In terms of ammonia, numerous fungal genera, including Aspergillus (Zawada and Sutcliffe, 1974; Mackay and Pateman, 1982; Cox et al., 2000) , are able to mineralize organic nitrogen within the litter via uricase and urease enzymes, 
QRT-PCR Analyses of Pathogens
Pathogenic strains of bacteria found in previous studies of poultry litter (Terzich et al., 2000; Line, 2002; Bull et al., 2006; Line and Bailey, 2006) were not found in the sequence analysis of our DGGE bands using general bacterial primers ( Figure 1B) . To assess the affect of alum on the pathogen populations, QRT-PCR assays were used to specifically target C. jejuni, E. coli, and Salmonella spp. (Table 3 ). The concentrations of Salmonella spp. were below detection (<5 × 10 3 cells/g) in both ATPL and NTPL samples over the course of experiment. Initial concentrations of C. jejuni were high in both the alum-treated (9.3 ± 3.7 × 10 7 cells/g) and normal (6.3 ± 1.7 × 10 7 cells/g) litters, but by wk 4, the C. jejuni concentrations were below detection (<10 4 cells/g) in the ATPL litter, whereas there was minimal reduction (1.9 ± 0.14 × 10 7 cells/g) in the NTPL samples. This represents a ∼3-log greater dieoff of C. jejuni within 1 mo of alum addition to litter, relative to the control litter. By wk 8, no C. jejuni was detectable in either litter type. A reduction in pathogen concentrations as a result of alum treatment has been previously reported. Line et al. (Line, 2002; Line and Bailey, 2006) showed that Campylobacter concentrations were significantly reduced in acidified litter, showing a~2-log reduction after 4 wk, which is comparable to the 3-log reduction observed in this study. The finding by Line et al. that Salmonella spp. concentrations exhibited no change in acidified litter could not be corroborated with the results from the present study, because Salmonella spp. was consistently below the detection limit.
Of the 3 targeted pathogens, only E. coli was detectable throughout the entire experiment in both litter types (Table 3). However, alum treatment reduced the concentration of E. coli. By wk 4, minimal reduction was seen in the NTPL samples (3.6 ± 0.9 × 10 7 cells/g at t = 0 to 1.8 ± 0.6 × 10 7 cells/g at t = 4), whereas the ATPL samples exhibited a nearly 2-log decrease in that same time (6.8 ± 1.1 × 10 7 cells/g at t = 0 to 1.8 ± 0.5 × 10 6 cells/g at t = 4). By wk 8, E. coli concentrations were still 1 log lower in the ATPL samples, as compared with the normal litter.
This reduction in E. coli concentrations in acidified litter is comparable to previous work with alum (Terzich et al., 2000) and other acidifying litter amendments . Overall, these results show that alum treatment of poultry litter significantly reduces the concentration of potential bacterial pathogens in the litter within the average time period of a grow-out (6 wk).
In conclusion, alum addition had significant affects on the microbial populations in the poultry litter. According to our molecular analyses, the Actinomycetes community appeared to be relatively unaffected by alum addition, whereas alum significantly reduced one of the dominant bacterial groups (low %GC gram-positive bacteria) as well as bacterial pathogens within the first 4 wk of the experiment. Conversely, there was a significant increase in fungal diversity in the ATPL samples, indicating that the addition of alum shifted the microbial community from one more dominated by bacteria to one more dominated by fungi within 1 mo of addition. In these incubation studies, acidification significantly affected the microbial community in poultry litter, reducing the presence of some groups and increasing others. In a house with live birds, however, continuous input of excrement and resultant effects on physiochemical parameters (pH, moisture, organic N, etc.) may affect the microbiota differently. Future work will attempt to determine how these changes in microbial communities correlate to the physical and chemical changes that occur with alum amendments to poultry litter (i.e., reduced ammonia volatilization). Additional work will concentrate on isolating and characterizing the acidified litter fungal groups to try to determine their potential role in the acidified litter environment, including their role in the nitrogen dynamics in acidified poultry litter.
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